INTRODUCTION
Ginsan is an immunomodulatory polysaccharide from Panax ginseng, a medicinal herb. Since its initial purification, ginsan has been shown to have critical effects on immune cells (Lee et al., 1997) . Ginsan enhances the production of cytokines and reactive oxygen species (ROS) by macrophages (Shin et al., 2002) and stimulates the phagocytic activity of macrophages . As an immunomodulator, ginsan plays a radioprotective role in hematopoietic and immune cells (Song et al., 2003) . It increases the number of bone marrow (BM) cells, splenocytes, and some hematopoietic stem cells and enhances the production of cytokines involved in hematopoietic recovery (Kim et al., 2007) . Therefore, ginsan appears to protect the host from ionizing radiation via its immunomodulatory activities.
Dendritic cells (DCs) are specialized antigen-presenting cells (APCs) that prime naïve T lymphocytes in the immune system of the host (Mellman and Steinman, 2001) . DCs take up exogenous antigens at the first lines of defense, e.g., the skin, and migrate into nearby lymphoid organs, such as lymph nodes (Yoneyama et al., 2005) . In the lymph nodes, antigen-processing DCs present antigenic peptides to naïve or memory lymphocytes in a MHC class-restricted manner (Steinman et al., 1997) . Maturation of DCs is essential to achieving appropriate immune responses, as it enhances surface expression of MHC and costimulatory molecules, which reflect antigen-presenting capabilities, as well as the production of a variety of cytokines (Larsen et al., 1994; Mosca et al., 2000) .
Although the effects of ginsan on various immune cells have been studied, its influence on DCs remains to be elucidated. In the present study, we investigated the mechanisms through which ginsan exerts immunomodulatory activities on DCs.
METHODS

Animals and reagents
To generate bone marrow-derived DCs, C57BL/6 mice were used. For setup of mixed leukocyte responses (MLRs), Balb/c mice were used. Both strains were purchased from Orient Bio Co. (Seongnam, Korea) and maintained in lab animal facility until use. 7 to 12 week-old female mice were 4 cells/well in 96-well culture plates and treated with different concentrations of ginsan for 2 days. After treatment, an MTT assay was performed, as described in Methods. The representative data, shown as mean±SD, are from three independent experiments that gave similar results. **p＜0.01, ***p＜0.001. used for all experiments. Animal experiments were performed based on the NIH guide for the care and use of laboratory animals (NIH Publication No. 80-23; revised 1978) . Ginsan was purified from Panax ginseng at Korea Institute of Radiological and Medical Sciences (Ahn et al., 2006) and dissolved in sterile phosphate-buffered saline (Invitrogen, Calsbad, CA, USA). Lipopolysaccharide (LPS) and anti-CD40 mAb were purchased from Sigma (St. Louis, MO, USA) and BD Biosciences (San Jose, CA, USA), respectively.
Culture of DCs
Bone marrow cells were harvested from femur and tibia of C57BL/6 mice and used for culture of DCs as described before (Kim and Joo, 2008) . Briefly, after the lysis of red blood cells, bone marrow cells were cultured in the presence of 10 ng/ml recombinant mouse granulocyte macrophagecolony stimulating factor (GM-CSF; Biosource International, Camarillo, CA, USA) for 6 to 10 days. Culture media was replaced with fresh media containing GM-CSF every two days. To minimize lymphocytes and granulocytes in DC culture, the floating cells were removed at 2 nd , 4 th day of culture and the adherent cells containing DC precursors were cultured. After 6 day culture, the floating cells were harvested and used as bone marrow-derived DCs. For the identification of DCs, cells were stained for a surface marker, CD11c using specific antibody.
M easurement of cell viability
DCs were cultured at a concentration of 5×10 4 cells/well in 96-well culture plates. Cells were treated with ginsan for 2 days and then 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT; Sigma) solution was added into each well. The crystal violet generated by viable cells was dissolved with 10% sodium dodecyl sulfate (SDS; Sigma) solution and optical density (O.D.) was measured at 570 nm using a microplate reader (Molecular devices, Sunnyvale, CA, USA).
Measurement of cytokines and nitric oxide production
After treatment, the culture supernatants were harvested and used for the determination of cytokine and nitric oxide (NO) amounts. For measuring the amount of cytokines based on ELISA, IFN-gamma, IL-4, IL-10, IL-12, and TNF-alpha specific CytoSet or kits (all from Biosource International) were used as followed by manufacturer's manuals. For measuring the amount of NO, modified Griess reagent and as standard, sodium nitrite (all from Sigma) were used.
Flow cytometric analysis
Cell staining was performed as described in a previous report (Joo, 2003) . Briefly, cells were treated with 1 μg/sample anti-CD16/32 monoclonal antibody (mAb) for blocking Fc receptors on DC surface. For checking the purity of cultured DCs, phycoerythrin (PE)-labeled anti-CD11c mAb was used. And also, biotin-labeled anti-MHC class II (I-A b ), CD86 mAb and subsequently streptavidin-fluorescein isothiocyanate (FITC; all from BD Biosciences) were used for measuring the maturation status of DCs. The stained cells were analyzed by FACSCalibur TM flow cytometer and CellQuest TM software (All from BD Biosciences).
Estabilishment of mixed leukocyte responses (M LRs)
C57BL/6 mice-originated DCs were co-cultured with Balb/c mice-originated CD4 ＋ T lymphocytes for MLRs.
Splenocytes were harvested from Balb/c mice as described before (Joo et al., 2001) . CD4 ＋ T lymphocytes were purified from splenocytes by using CD4 ＋ magnetic beads (Miltenyi Biotec, Bergisch Gladbach, Germany) according to the manufacturer's instructions. Cells in co-culture were incubated for 5 days and pulsed with 1 μCi/well 3 H-thymidine (PerkinElmer, Wellesley, MA, USA) for last 18 hr. Incorporated radioactivity in cells was measured by a scintillation counter, Wallac Microbeta Ⓡ TriLux (PerkinElmer).
Statistics
In MTT assay and MLRs, data were obtained from 3, 5 wells respectively and represented as mean±standard deviation (SD). Data were analyzed with Tukey-Kramer multiple comparison tests and data with p＜0.05 was recognized as significant.
RESULTS
Viability of ginsan-treated DCs
An MTT assay was used to investigate whether ginsan affects the viability of DCs. DCs were cultured in the presence of ginsan (0∼1,000 μg/ml) for 2 days. Ginsan added at concentrations of 0∼40 μg/ml did not affect DC viability, although viability was affected at higher concentrations (Fig. 1) . We used ginsan at concentrations up to 10 μg/ml.
NO production from DCs treated with ginsan
DCs play critical roles as potent APCs. However, some maturing agents, such as LPS, induce the production of NO as well as the maturation of DCs (Lu et al., 1996) . NO is A B C D Fig. 2 . Production of NO and cytokines by DCs treated with ginsan. For the NO assay (A), DCs were established in culture as described in Fig. 1 . LPS or ginsan was added to the wells, and the culture supernatants were harvested 2 days later. The NO assay was performed as described in Methods. For cytokine measurements (B∼D), DCs were seeded at 5×10 5 cells/well in 24-well culture plates and treated for 48 h. Concentrations of IL-12 (B), IL-10 (C), and TNF-α (D) in the culture media were measured using ELISA. In D, 1 μg/ml anti-mouse CD40 mAb, 1 μg/ml LPS, and 10 μg/ml ginsan were used. *p＜0.05, **p＜0.01, ***p＜0.001.
an immunosuppressor of DC-mediated immune responses (Bonham et al., 1996) . To determine whether ginsan induces the production of NO, we measured the amount of NO released from DCs that were incubated with ginsan for 2 days ( Fig. 2A) . LPS was used as a positive control. Ginsan at 1 μg/ml induced a trace amount of NO from DCs, which was similar to the level of NO detected from medium alone-treated DCs (ContDCs). In addition, the production of NO in response to 10 μg/ml ginsan was profoundly lower than that in response to 0.01 μg/ml LPS.
Cytokine production by DCs treated with ginsan
We investigated the effects of ginsan on the production by DCs of cytokines IL-12, IL-10, and TNF-α. IL-12 and IL-10 are involved in cell-mediated and regulatory immunity, respectively (Heufler et al., 1996; Corinti et al., 2001) , whereas TNF-α induces DC maturation and survival (Esche et al., 2001 ). According to ELISA results, ginsan significantly increased the production of IL-12 and IL-10 in a concentration-dependent manner (Fig. 2B, C) . The level of TNF-α production induced by ginsan was similar to that induced by LPS in DCs (Fig. 2D) .
Ginsan increases the expression of maturation markers on the surfaces of DCs
The maturation status of DCs plays a critical role in the stimulation of immune responses. MHC class II and CD86 (B7.2) are maturation markers for BM-derived DCs. To assess the ability of ginsan to induce DC maturation, we measured the expression levels of MHC class II and CD86 on the surfaces of DCs (Fig. 3) . In this experiment, an anti-CD40 mAb was used as a positive control, because it binds to CD40 on the DC surface, thereby generating strong cell maturation signals. Flow cytometric analysis revealed higher expression of MHC class II and CD86 molecules on the surfaces of ginsan-treated DCs (GinsanDCs) than on control DCs (ContDCs). It is interesting that the highest level of CD86 was detected on the GinsanDCs, whereas the highest level of MHC class II was detected on the anti-CD40 mAb-treated DCs (CD40DCs).
Enhanced antigen-presenting capacity of ginsan-treated DCs
To confirm the maturation-inducing capability of ginsan, we assessed the antigen-presenting capabilities of the GinsanDCs (Fig. 4A) . Depending on their maturation status, the DCs of C57BL/6 mice can stimulate the proliferation of CD4 ＋ T lymphocytes from BALB/c mice, as allogeneic responder cells. In the 3 H-thymidine incorporation assay, the GinsanDCs stimulated higher proliferation of allogeneic CD4
＋ T lymphocytes than the ContDCs. And also, the CD40DCs stimulated higher proliferation of allogeneic CD4 ＋ T lymphocytes than the ContDCs. For the MLR assay, DCs were co-cultured with 1×10 5 cells/well allogeneic CD4
＋ lymphocytes for 5 days. As described in Methods, the incorporated radioactivity was measured using a scintillation counter. The mean±SD level of radioactivity was derived from five individual wells (A). For the cytokine assay (B, C), 5×10 3 cells/well DCs were cocultured with 1×10 5 cells/well allogeneic CD4 ＋ lymphocytes. The culture supernatants were harvested and used to measure IFN-γ (B) and IL-4 (C) levels. Shown are representative data from three independent experiments that gave similar results. *p＜0.05, **p＜0.01, ***p＜0.001.
Ginsan induces cytokine production by activated lymphocytes
Using the same experimental setup as depicted in Fig. 4A , we examined the production of CD4 ＋ T-lymphocyte-derived cytokines. IFN-γ induces Th1-shifted immune responses, including the activation of CD8 ＋ cytotoxic T lymphocytes, whereas IL-4 induces Th2-shifted immune responses. According to ELISA results, the CD4 ＋ T lymphocytes activated by the GinsanDCs produced higher levels of IFN-γ and IL-4 than those activated by the ContDCs (Fig. 4B, C) . It is interesting that the ratio of IFN-γ produced by GinsanDCs vs ContDCs was higher than that of IL-4 produced by GinsanDCs vs ContDCs.
DISCUSSION
Ginsan is an acidic polysaccharide from Panax ginseng, a well-known medicinal herb. Although ginsan has been studied with regard to its immunologic properties, its immunomodulatory effects on DCs have not yet been elucidated. Because ginsan alters cytokine production by macrophages, we first investigated whether ginsan alters cytokine production by DCs. Indeed, ginsan profoundly enhanced the production by DCs of IL-12 and IL-10 in a concentration-dependent manner. In addition, ginsan induced significant production of the DC-maturing cytokine TNF-α. The results of the present study demonstrate that ginsan clearly enhances cytokine production by DCs. Therefore, ginsan may modulate DC function by altering cytokine levels.
A previous report demonstrated that ginsan induced the production of significant amounts of NO by macrophages. It is interesting that, in the present study, ginsan induced a negligible amount of NO from DCs (Fig. 2) . This discrepancy may be attributed to the different cell types used and also regulating system for NO production. The detailed mechanism through which ginsan acts on macrophages and DCs needs to be investigated. In fact, NO acts as an immunosuppressor of DC-mediated immune responses.
In the present study, phenotypic and functional analyses showed that ginsan induces the maturation of murine BM-derived DCs. Ginsan enhanced the production of cytokines from DCs and the expression of maturation markers on the surfaces of DCs. Furthermore, GinsanDCs markedly increased the proliferation of allogeneic CD4 ＋ T lymphocytes, as compared to ContDCs. It is of interest that ginsan increased the expression of CD86 rather than that of MHC class II (Fig. 3 ). CD86 is a major costimulatory molecule that plays an essential role in the interaction between APCs and T lymphocytes. Generally, the maturing agents, such as anti-CD40 mAb and LPS strongly increase the expression of MHC class II. It is possible that ginsan differentially regulates DC maturation and the increased CD86 molecules may potentiate the costimulatory signal in the DC-T lymphocyte interaction. This study demonstrated that GinsanDCs increased the production of both IFN-γ and IL-4 of allogeneic lymphocytes compared to ContDCs (Fig. 4) . However, the ratio of IFN-γ produced by GinsanDCs vs ContDCs was higher than that of IL-4 produced by GinsanDCs vs ContDCs. This result thus suggests that ginsan may prefer Th1 DC-mediated immune responses.
To the best of our knowledge, this is the first study to demonstrate the immunostimulatory effect of ginsan on DCs. Although we provide evidence of the effects of ginsan on DCs, important questions remain to be answered: 1) Which receptors on the DC surface are involved in the stimulatory activity of ginsan? and 2) How does ginsan transduce the activation signals in DCs? Taken together, the results of the present study provide valuable information on ginsan and on the application of ginsan in clinical medicine.
